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(57) Abstract

Damping device for a shaft, which

supports a centrifugal rotor and is jour-

nalled in a bearing in a frame (7) in such

a way that an oscillating movement of the

shaft relative to the frame (7) is admit-

ted during the rotation of the rotor (5).

The damping device comprises a first fric-

tion member (8), which is connected to a

bearing in such a way that the shaft is

rotatable relative to the friction member,

and a number of second friction members

(10), which are supported by the frame

(7) and art distributed around the shaft,

each one of the second friction members

( 10) being arranged to be so kept pressed

by a spring force towards the first fric-

tion member (8) in a predetermined di-

rection that upon oscillating movement of

the shaft (1) perpendicular to this pre-

determined direction a damping friction

arises when the first friction member (8)

together with the shaft is moving rela-

tive to the second friction member (10)

referred to. In order to reduce the heat

generation each one of the second fric-

tion members (10) is movable relative to

the element, which it is supported by or

connected to, i.e. the frame (7) or the

bearing (3) perpendicular to the shaft (1)

and perpendicular to said predetermined

direction in a limited distance, which at least is 0,2 mm
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A Damping device

The present invention concerns a damping device for a

rotatable shaft, which supports a centrifugal rotor and

5 is journalled in a bearing in a frame in such a way that

an oscillating movement of the shaft relative to the

frame is admitted during the rotation of the centrifugal

rotor, the damping device comprising at least a first

friction member, which is connected to said bearing in

10 such a way that the shaft is rotatable relative to the

friction member , and a number of second friction

members, which are supported by the frame and are

distributed around the shaft, each one of the second

friction members being arranged to be so kept pressed by

15 a spring force towards the first friction member in a

predetermined direction that upon oscillating movement

of the shaft perpendicular to this predetermined direc-

tion a damping friction arises when the first friction

member together with the shaft is moving relative to the

20 second friction member referred to.

Damping devices of this kind are common in vertical

centrifugal separators , in which the centrifugal rotor

is supported on one end of the shaft, especially if the

25 centrifugal rotor rotates at a number of revolutions

exceeding the first critical number of revolutions.

In such a damping device each one of the said second

friction members is very carefully controlled in their

30 movements in the said predetermined direction. Thus,

the friction members referred to, which normally are

designed as cylindrical pistons, are placed axial ly

movable in cylindrical drilled holes and have a very

accurate sliding fit in these holes. In a normal sliding

35 fit between such pistons and the drilled holes the
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diameter of the holes is 0,01 - 0,1 mm larger than the

outer diameter of the pistons. The part of the piston,

the second friction member , which is pressed against the

first friction member, and the part thereof, which is

5 controlled by the drilled hole, are mostly designed in

one piece but can also as shown in DE 132549 be designed

as two separate parts fixedly joint together by means of

a screw joint.

10 Instead of arranging the first friction member, as in

these damping devices, in such a way that it is connec-

ted to the bearing and arranging the second friction

members in a way such that they are supported by the

frame you might as well, as shown in the British patent

15 publication 9002/1913 and as stated in the introductory

portion of claim 6, arrange the friction members

inversely i»e. arrange the first friction member in a

way such that it is supported by the frame and arrange

the second friction members in a way such that they are

20 connected to the bearing instead.

It has for long been a known problem in association with

damping devices of the kind described above that they

cause a great heat generation. This means that the

25 bearing, which is connected to a friction member of the

kind described above, has to be operating at a rather

high temperature, which shortens the life of the

bearing

.

30 The object of the present invention is to reduce the

heat generation caused by a damping device of the kind

now in question.

This object can thanks to the invention surprisingly be

35 accomplished in quite an easy manner, namely, by having
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each one of the second friction members movable relative

to the element, which it is supported by or connected

to, i. e. the frame or the bearing, perpendicular to the

shaft and perpendicular to said predetermined direction

5 in a limited distance, which at least is 0,2 mm.

The result of this movability of each one of the second

friction members is that the damping device does not

start to function as a damping device until the shaft

10 performs oscillating movements in the area of the

damping device exceeding 0,2 mm. Upon smaller oscilla-

ting movements it is true that the said second friction

members will abut the first friction member, but they

will only be entrained in this oscillating movement

15 perpendicular to the shaft within the range of said

distance without resulting in a relative movement

between the same and the first friction member.

When the centrifugal rotor is relatively light the shaft

20 normally only performs oscillating movements exceeding

0,2 mm when passing certain critical number of revolu-

tions upon start and stop of the centrifugal separator

while the oscillating movements upon rotation at non-

critical number of revolutions of the centrifugal rotor

25 as the number of revolutions during normal operations

are smaller than 0,2 mm. When the centrifugal rotor is

heavier said predetermined distance has to according to

the invention be designed longer than 0,2 mm, if damping

shall be avoided at non-critical number of revolutions,

30 e.g. somewhere in the area of 0,4 - 1,0 mm.

For the case the invention is used in a damping device,

in which the first friction member is connected to the

bearing and the second friction members are supported by

35 the frame it is suitable to arrange the friction members



WO 97/13583 PCT/SE96/01279

4

in a way such that they by means of the spring force is

pressed radially inwardly against the first friction

member

.

5 On the other hand, for the case the invention is used in

a damping device, in which the first friction member is

supported by the frame and the second friction members
are connected to the bearing, it is suitable to arrange

the friction members in such a way that they are pressed

0 by means of the spring force radially outwardly against

the first friction member . Hereby, the heat generation

is made more distant from the bearing.

In an embodiment of the invention preferred in the two

5 cases, each one of said second friction members is

arranged to be pressed by means of the spring force to

surface abutment towards the first friction member via

essentially plane contact surfaces independent of the

position of the friction device along said distance.

3

Thus, thanks to the invention the said springs are able

to counteract the oscillating movements of the shaft

with full power during normal operation of the centri-

fugal rotor without any unnecessary heat generation

5 taking place. First when an unnormally large oscillating

movement occurs the damping device starts to damp such

oscillating movements.

In the following the invention is described more closely

3 with reference to the attached drawings, in which

figure 1 schematically shows an axial section through a

part of a centrifugal separator, which is provided with

a damping device according to the invention

,
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figure 2 shows an axial section through a part of a

damping device according to the invention,

figure 3 shows a radial section through a damping device

5 according to the invention, and

figure 4 shows a radial section through a damping device

according to an alternative embodiment of the invention.

10 The centrifugal separator schematically shown in figure

1 has a vertical shaft 1, which is joumalled partly in

a lower bearing 2, which takes up essentially axial

forces acting on the shaft 1, and partly in an upper

bearing 3, which takes up essentially radial forces

15 acting on the shaft 1. The shaft 1 is in the centrifugal

separator shown as an example driven by a worm gear 4

but can of course also be belt driven

.

In its upper end above the upper bearing 3 the shaft 1

20 supports a centrifugal rotor 5. A number of springs 6

are equally distributed around the shaft 1, which

counteract but admit a limited oscillating movement of

the shaft 1 and details connected thereto such as the

centrifugal rotor 5 and the upper bearing 3. Each one of

25 the springs 6 acts with a spring force in a predeter-

mined direction between the shaft 1 and the frame 7.

Between the springs 6 and the upper bearing 3 a damping

device is arranged to damp oscillating movements between

the shaft 1 and the frame 7.

30

An embodiment of a damping device according to the

invention is shown in more detail in the figures 2

and 3. This damping device comprises an annular first

friction member 8, which surrounds the rotation axis

35 coaxially. In this friction member 8 the upper bearing 3
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is arranged. On the radially outwardly directed outside
of the first friction member 8 it is provided with a

number of straight radially directed plane contact

surfaces 9, which are equally distributed around the

5 rotational axis. The number of contact surfaces 9 is

then as many as the number of the springs 6. In the

embodiment shown in figure 3 of a damping device accor-

ding to the invention there are six springs 6 and

contact surfaces 9, respectively, drawn.

0

In the shown example six second friction members 10 in

the shape of cylindrical pistons are pressed radially

inwardly against one of these contact surfaces 9 each by

means of the springs 6. In order to obtain a good abut-

5 ment between the first friction member 8 and the second

friction members 10 also the radially inwardly directed

contact surfaces of the second friction members 10 are

plane. The second friction members 10 are arranged in

cylindrical holes 11, which are drilled perpendicular to

0 the rotational axis in a part of the frame 7. In the

hole 11 a spring, which has a predetermined length in

unloaded condition and a predetermined spring constant,

is compressed between the second friction member 10 and

a plug 12 to such a length that a wanted spring force is

5 obtained. The cylindrical holes 11 have such a larger

diameter than the outer diameter of the second friction

members 10 that the latter are movable relative to the

frame 7 perpendicular to the shaft and perpendicular to

the predetermined direction, in which the springs 6

3 press each one of them against the first friction

member 8, a limited distance which is at least 0,2 mm.

Independent of the position of the second friction

member 17 along said distance it is pressed to surface

abutment against the first friction member 13. Even

5 though it is easiest to accomplish cylindrical holes
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their shape can also be elliptical for instance with the

major axis directed perpendicular to the shaft and

perpendicular to the predetermined direction.

5 Figure 4 shows an embodiment of the damping device

according to the invention, in which six first friction

members 13 are supported by a radial outer annular

element 14, which comprises a part of the frame 7 of the

centrifugal separator. Radially inside this annular

10 element 14 a radially inner annular element 15 is

arranged, in which the bearing 3 is arranged. Radially

inwardly from the periphery of the inner annular element

15 six cylindrical holes 16 are drilled, which are

directed towards one first friction member 13 each. In

15 each one of these cylindrical holes 16 a second friction

member 17 is arranged. These are pressed by the spring

force from a spring 18 arranged in each hole 16 radially

outwardly to abutment against adherent first friction

member 13 with a predetermined spring force. To obtain a

20 good surface contact the contact surfaces of both the

first and the second friction members 13 and 17, respec-

tively, are plane and radially directed. In this embodi-

ment the cylindrical holes 16 have so much larger

diameter than the outer diameter of the second friction

25 members 17 that the latter are movable in this embodi-

ment relative to the radially inner annular element 15,

in which the bearing is arranged, perpendicular to the

shaft and perpendicular to the predetermined direction,

in which the springs 18 press each one of them against

30 the first friction member 13, a limited distance which

is at least 0,2 mm. The springs 18 also press in this

case the friction members 13 and 17 to surface abutment

against each other independent of the position of the

second friction member 17 along said distance.
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In the shown embodiments of a damping device according

to the invention the shaft is vertical and it supports a

centrifugal rotor on its one axial end, the upper end,

but the invention can of course also be used in a

5 centrifugal separator, which has a horizontal shaft,

and/or in which the centrifugal rotor is arranged

between two bearings as in a decanter.

The spring force is in the shown examples accomplished

10 by means of separate mechanical helical springs. How-

ever, these can within the range of the present inven-

tion, consist of one common mechanical elastical element

such as a membrane or rubber element. The spring force

can alternatively also be accomplished by means of one

15 or more hydraulic or pneumatic elements.

Even though the predetermined directions for the spring

forces mentioned above are preferred the second friction

elements can be pressed in other directions towards the

20 first friction members of this spring force.
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Claims

1. Damping device for a rotatable shaft (1), which

supports a centrifugal rotor (5) and is journal led in a

5 bearing (3) in a frame (7) in such a way that an oscil-

lating movement of the shaft (1) relative to the frame

(7) is admitted during the rotation of the rotor (5), a

damping device comprising at least a first friction

member (8), which is connected to said bearing (3) in

10 such a way that the shaft (1) is rotatable relative to

the friction member (8), and a number of second friction

members (10), which are supported by a frame (7) and are

distributed around the shaft (1), each one of the second

friction members (10) being arranged to be so kept

15 pressed by a spring force towards the first friction

member (8) in a predetermined direction that upon

oscillating movement of the shaft (1) perpendicular to

this predetermined direction a damping friction arises

when the first friction member (8) together with the

20 shaft (1) is moving relative to the second friction

member (10) referred to f
characterized

i n that each one of the second friction members (10)

is movable relative to the frame (7) perpendicular to

the shaft (1) and perpendicular to said predetermined

25 direction in a limited distance, which at least is

0,2 mm.

2. Damping device according to claim 1, in which each

one of the friction members (10) is arranged to be

30 pressed by means of the spring force essentially

radially inwardly towards the first friction member (8),

which extends around the shaft ( 1 )

.

3. Damping device according to claim 1 or 2, in which

35 said distance is at least 0,3 mm.
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4. Damping device according to claim 3, in which said

distance is at least 0,4 mm.

5. Damping device according to any one of the preceding

5 claims, in which each one of said second friction

members (10) is arranged to be pressed by means of the

spring force to surface abutment towards the first

friction member (8) via essentially plane contact

surfaces independent of the position of the friction

10 device (10) along said distance.

6. Damping device for a rotatable shaft (1), which

supports a centrifugal rotor (5) and is journalled in a

bearing (3) in a frame (7) in such a way that an

15 oscillating movement of the shaft (1) relative to the

frame (7) is admitted during rotation of the centrifugal

rotor (5), the damping device comprising at least one

first friction member (13), which is supported by the

frame (7) and a number of second friction members (17),

20 which are distributed around the shaft (1) and are

connected to said bearing (3) in such a way that the

shaft (1) is rotatable relative to the friction member,

each one of the second friction members (17) being

arranged to be so pressed by the spring force towards

25 the first friction member (13) in a predetermined

direction that upon oscillating movement of the shaft

(1) perpendicular to this predetermined direction a

damping friction arises when this second friction member

(17) together with the shaft (1) is moving relative to

30 the said first friction member (13), characte-
rized in that each one of the said second

friction members (17) is movable relative to the bearing

(3) perpendicular to the shaft (1) and perpendicular to

the said predetermined direction a limited distance,

35 which is at least 0,2 mm.
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7. Damping device according to claim 6, in which the

second friction members (17) are arranged to be pressed

by means of the spring force essentially radially

outwardly towards the first friction member (13).

5

8. Damping device according to claim 6 or 7, in which

said distance is at least 0,3 mm.

9. Damping device according to claim 8, in which said

10 distance is at least 0,4 mm.

10. Damping device according to any one of the claims

6-9 , in which each one of the said second friction

members (17) is arranged to be pressed by means of the

15 spring force to surface abutment against the first

friction member (13) via essentially plane contact

surfaces independent of the position of the second

friction member (17) along the said distance.
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Fig. 2
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